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Evaluating Dentin Surface
Treatments for Resin-
Modified Glass lonomer
Restorative Materials
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Clinical Relevance

A dentin bonding agent provided greater bond strength to dentin for RMGI than the

manufacturers’ recommended products.

SUMMARY

This in vitro study evaluated the effect of six
surface treatments on the shear bond strength
of three resin-modified glass ionomers
(RMGIs) to dentin. Occlusal surfaces of car-
ies-free third molars were reduced to expose
only dentin. Surface treatments were smear
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layer intact (negative control), Cavity Condi-
tioner, EDTA, Ketac Primer, Self Conditioner,
and etching with 35% phosphoric acid followed
by the application of Optibond Solo Plus.
Filtek Z250 composite resin bonded with Opti-
bond Solo Plus served as a positive control.
Conditioning agents were used according to
the manufacturers’ instructions. After surface
treatments, Fuji II LC, Riva LC, Ketac Nano,
and Filtek Z250 were placed in copper-band
matrices 5 mm in diameter and 2 mm in height
and were light-cured for 20 seconds. Speci-
mens were stored in 100% humidity for 24
hours, after which they were placed in deion-
ized water for 24 hours at 37°C. They were then
tested under shear forces in an Instron Uni-
versal Testing Machine at a crosshead speed of
0.5 mm/min. A two-way analysis of variance
and Tukey honestly significant difference sta-
tistical analyses (p<0.05) indicated significant
interaction between RMGIs and conditioning
agents. Acid etching followed by Optibond Solo
Plus provided highest bond strengths for all
three RMGIs, which were not statistically
different from the positive control.
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INTRODUCTION

Resin-modified glass ionomers (RMGIs) are the
result of grafting water-soluble monomers such as
2-hydroxyethyl methacrylate (HEMA) to polyalke-
noic acid chains of conventional glass ionomers
(CGIs) and incorporating resins and photoinita-
tors."2 The fluoride release of RMGIs is comparable
and often better than that of CGIs.>® Advantages of
RMGIs compared with CGIs include increased
working time, decreased setting time, ease of
handling, and improved physical properties and
esthetics.!* Resin-modified glass ionomers have
been marketed as liners, bases, dentin bonding
agents, sealants, luting agents, and core founda-
tions, as well as direct restorative materials, partic-
ularly for class V lesions.’®

There are two distinct bonding mechanisms for
RMGIs to tooth structure: a chemical bonding
between anions of polyalkenoic acid chains and
calcium ions in hydroxyapatite’™ and a microme-
chanical bond similar to that which occurs between
dentin bonding agents and dentin.®° Several agents
have been evaluated to condition dentin prior to
application of CGIs and RMGIs. These have included
citric, polyacrylic, phosphoric, tannic, and ethylene-
diaminetetraacetic (EDTA) acids.'*'® Polyacrylic
acid has been the mainstay for conditioning dentin
prior to application of CGIs and RMGIs. Recently,
manufacturers have recommended other condition-
ers to replace polyacrylic acid; they include Ketac
Primer (3M ESPE, St Paul MN, USA) and Self
Conditioner (GC, Tokyo, Japan).

Resin-modified glass ionomers are packaged in
capsules as a powder and liquid or as two separate
pastes. Examples of powder/liquid RMGIs include
Fuji II LC (GC) and Riva LC (Southern Dental
Industries, Victoria, Australia), which both require
trituration. Ketac Nano (3M ESPE) contains two
separate pastes that are mixed together when
dispensed through an auto-mixing tip. In lieu of
using polyacrylic acid to condition dentin, the
manufacturer of Ketac Nano recommends condition-
ing with Ketac Primer. When using Fuji II LC, the
manufacturer recommends dentin conditioning with
either Cavity Conditioner (GC) or Self Conditioner.
Cavity Conditioner contains 20% polyacrylic acid
and 3% aluminum chloride. Self Conditioner con-
tains HEMA and 4-methacryloxyethyl trimellitate
anhydride (4-META) and is purported by the
manufacturer to provide stronger and more stable
bonding. In addition to containing hydrophilic
resins, both Ketac Primer and Self Conditioner are
acidic, with a pH of 3.0 and 1.8, respectively.

Operative Dentistry

Southern Dental Industries, manufacturer of Riva
LC, recommends using either polyacrylic or phos-
phoric acid for dentin conditioning. Because RMGIs
contain resin, it has been hypothesized that the bond
strength of RMGIs can be improved by the applica-
tion of dentin bonding agents. The purpose of this in
vitro study was to compare the effect of five different
conditioning protocols (polyacrylic acid, EDTA, Ke-
tac Primer, Self Conditioner, and a dentin bonding
agent) on the shear bond strength of three different
RMGIs to dentin. In addition, a negative control was
included that consisted of leaving the smear layer
intact. A group consisting of Filtek Z250 composite
resin (3M ESPE) bonded to dentin with Optibond
Solo Plus (Kerr, Orange, CA, USA) after phosphoric
acid etching was used as a positive control. The null
hypothesis we tested was that there would be no
difference in bond strengths as a result of surface
treatments or RMGIs.

METHODS AND MATERIALS

Dental materials and their compositions are listed in
Table 1. Recently extracted, caries-free third molars
were cleaned of debris and disinfected in a 0.5%
solution of sodium hypochlorite and sterile water for
30 minutes. Teeth were embedded in phenolic rings
(Buehler Ltd, Lake Bluff, IL, USA) 2 mm apical to
their cementoenamel junctions using Orthodontic
Resin (LD Caulk/Dentsply, Milford, DE, USA). The
occlusal surface of each tooth was carefully reduced
using a conventional model trimmer (Handler Mfg
Co, Garwood, NdJ, USA) with water to produce a
dentin surface. The surface was not treated with any
other abrasive papers or discs. Conditioners, primers,
and bonding agent were applied by one investigator
according to the manufacturers’ instructions as
described in Table 2. Copper-band matrices 5 mm
in diameter and 2 mm in height were held on the
dentin surface by a second investigator by grasping
the copper band with a cotton forceps and holding the
band steady against the flat dentin surface. The first
investigator activated, triturated, or mixed the RMGI
according to the manufacturer’s instructions. The
first investigator placed the RMGI or Z250 resin into
the copper band, placed a polyester strip on the
coronal aspect of the copper band, and used finger
pressure to compress the restorative materials
against dentin. Using a SmartLite IQ (LD Caulk/
Dentsply) with an intensity of 500 mW/cm?, the first
investigator photo-cured the RMGI or Z250 for 20
seconds while the second investigator held the copper
band steady. Fifteen specimens were made for each
experimental and control group (see Figure 1).
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Table 1:  Composition of Materials

Material

Composition

RMGI

Fuji Il LC

Powder

Fluoro-alumino-silicate glass

Liquid

Polyacrylic acid, HEMA, trimethlyene dicarbonate, and other proprietary ingredients

Ketac Nano LC

Paste A

Silanted glass, zirconia and silica HEMA, PEGDMA, Bis-GMA, TEGMA, fluoro-alumino-silicate glass

Paste B

Silanated ceramic, water, HEMA, and copolymer of acrylic and itaconic acids

Riva LC Liquid
Polyacrylic and tartaric acids, HEMA, DMA, and acidic monomer
Powder
Fluoro-alumino-silicate glass and polyacrylic acid
Composite
Filtek Z250 Silane-treated ceramic filler, bisphenol A polyethylene glycol diether DMA, diurethane DMA, Bis-GMA, TEGDMA

Conditioning Agents

EDTA

17% ethylene-diamine-tetracetic acid

Cavity Conditioner

20% polyacrylic acid and 3% aluminum chloride

Self Conditioner

HEMA, 4-META, ethanol, and water

Ketac Primer

HEMA, water, and copolymer of acrylic and itaconic acids

Optibond Solo Plus

Bisphenol glycidyl methacrylate, glycerol DMA, glycerol phosphate DMA, DMAs, ethanol silicone oxide, barium
borosilicate, and sodium hexafluorosilicate

Abbreviations: Bis-GMA, bisphenol A glycidyl methacrylate; DMA, dimethacrylate; 4-META, 4- methacryloxyethyltrimellitate anhydride; HEMA, 2-hydroxyethy!
methacrylate; PEGDMA, polyethylene glycol dimethacrylate; TEGDMA, triethylene glycol dimethacrylate.
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Table 2:  Conditioning Protocols

Agent Manufacturer Instructions

Cavity Conditioner 1. Apply for 10 seconds.

2. Rinse thoroughly with air/water aerosol and
gently dry with air but do not desiccate.

EDTA 1. Apply for 60 seconds.

2. Rinse thoroughly with air/water aerosol and
gently dry with air but do not desiccate.

Self Conditioner 1. Apply a thin layer on dentin and leave
undisturbed for 10 seconds.

2. Dry for five seconds with air but do not
desiccate.

Ketac Primer 1. Apply for 15 seconds, keeping the surface
wet with primer.

2. Gently dry with air for 10 seconds.

3. Photo-cure for 10 seconds.

Optibond Solo 1. Apply 37% phosphoric acid for 10 seconds
Plus and thoroughly rinse with an air/water
aerosol for 10 seconds.

2. Apply bonding agent with a scrubbing
motion for 10 seconds, and evaporate the
solvent for 10 seconds using air.

3. Repeat Step 2 and photo-cure for 20
seconds.

Excess restorative material was removed from the
matrix/dentin interface with a sharp #25 Bard
Parker blade (Miltex, York, PA, USA). The samples
were stored for a total of 48 hours prior to testing.
Initially, they were stored for 24 hours in 100%
humidity at 37°C. They were then removed from the
humidor and placed in 37°C deionized water for 24
hours. Samples were placed in an Instron Universal
Testing Machine (Model TTC, Instron Corporation,
Canton, MA, USA) and shear tested with a crosshead
speed of 0.5 mm/min. A shearing bar beveled to a 1-
mm-thick contact surface area was placed at the
junction of dentin and copper band matrix (see
Figure 2). The load required for failure was recorded

Operative Dentistry

Figure 1.  Completed specimen.

in pounds and converted to megapascals (MPa). To
assess the effect of the independent variables
(surface treatment and RMGI), the parametric data
were analyzed with a two-way analysis of variance
(ANOVA). A Tukey honestly significant difference
multiple comparison procedure was used to assess
significant differences among groups at a confidence
level of p < 0.05. All analyses were performed using
SAS software (SAS Institute Inc, Cary NC, USA).
After testing, the specimens were visually inspected
with 4.8X magnification to classify failures as
cohesive, adhesive, or mixed.

RESULTS

The minimum, maximum, mean shear bond
strengths, standard deviations, and failure modes
are listed in Table 3. The data were skewed and
therefore analyzed on a log-transformed scale. A
two-way ANOVA indicated significant differences
between groups (»p<0.0001) and significant interac-

Figure 2.  Specimen in the Instron.
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Table 3: Shear Bond Strength (MPa)
RMGI and Conditioning Agent Min Max Mean SD Failure Mode
(Adhesive, Cohesive, Mixed)
Fuji Il LC, Smear Layer 1.85 6.50 3.47 1.18 (15, 0, 0)
Fuiji Il LC, Cavity Conditioner? 1.81 8.79 4.99 per? 2.07 (15, 0, 0)
Fuji Il LC, EDTA 5.14 10.68 7.90 BCcD 1.75 (15, 0, 0)
Fuji Il LC, Ketac Primer 6.60 12.20 9.36 ABC 1.74 (15, 0, 0)
Fuji Il LC, Self Conditioner 7.24 12.20 9.37 ABC 1.49 (15,0, 0)
Fuji Il LC, OBSP 10.13 15.13 12.11 a8 1.50 (12,0, 3)
Ketac Nano, Smear Layer 1.00 3.88 1.79 0.83 (15, 0, 0)
Ketac Nano, Cavity Conditioner 0.27 7.80 1.70 2.68 (15, 0, 0)
Ketac Nano, EDTA 2.00 9.90 4.76 DEF 2.73 (15,0, 0)
Ketac Nano, Ketac Primer? 1.90 6.78 3.72 eF 1.44 (15, 0, 0)
Ketac Nano, Self Conditioner 5.10 10.32 7.66 BCD 1.61 (15, 0, 0)
Ketac Nano, OBSP 8.70 16.60 12.11 a8 2.23 (13,0, 2)
Riva LC, Smear Layer 2.88 8.23 4.76 1.56 (15, 0, 0)
Riva LC, Cavity Conditioner? 1.70 7.08 3.63F 1.56 (15, 0, 0)
Riva LC, EDTA 2.37 6.82 3.86 EF 1.56 (15, 0, 0)
Riva LC, Ketac Primer 2.40 6.40 3.59F 1.20 (15, 0, 0)
Riva LC, Self Conditioner 4.89 7.08 6.15 cpbe 0.75 (15, 0, 0)
Riva LC, OBSP 13.30 18.70 15.47 A 1.75 (12,0, 3)
Filtek Z-250, OBSP 10.88 19.73 14.63 A 2.88 (12, 0, 3)
Abbreviations: Max, maximum,; Min, minimum; OBSP, Optibond Solo Plus; RGMI, resin-modified glass ionomer; SD, standard deviations.
Z ?ﬂg;t(:fujg;én ?grl;z;?acrtlifrg ’;;sgggzjzfrﬁggnzogggtf:;%g the same letter are significantly different (p<<0.05).

tions between RMGIs and conditioning agents. The
results for each RMGI and conditioning agent will be
presented and discussed individually (see Figure 3).
For Fuji II LC the five conditioning protocols were
significantly different and higher than leaving the
smear layer intact (p<0.013). Regarding Ketac

Nano, all conditioning agents were significantly
different and higher than the negative control except
for Cavity Conditioner (p=0.7335). When bonding
Riva LC, none of the conditioning agents were
stronger than the negative control (p<<0.05) except
Optibond Solo Plus.
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Figure 3. Graph of the shear bond strengths of three RMGls.

Comparing the three RMGIs within each condi-
tioning group, all RMGIs were significantly differ-
ent from one another when the smear layer was
intact (p<0.031), with Riva LC (4.8 MPa) signifi-
cantly stronger than the others. Additionally, all
three RMGIs were significantly different from one
another when Cavity Conditioner was used
(p<<0.0297), with Fuji II LC (5.0 MPa) stronger
than the others. When conditioning with EDTA,
Ketac Nano (4.8 MPa) and Riva LC (3.9 MPa) were
not different (p>0.15), but they were weaker than
Fuji II LC (7.9 MPa) (p<0.0006). Within the Ketac
Primer group, Fuji II LC (9.4 MPa) was significant-
ly stronger than Ketac Nano (3.7 MPa) and Riva LC
(8.6 MPa) (p<0.031), which were not significantly

Figure 4. Mixed failure in which dentin and RMGlI fractured.

different from each other (p>0.08). When Self
Conditioner was used, Fuji II LC (9.4 MPa) and
Ketac Nano (7.7 MPa) were not different from each
other (p>0.13), but both were stronger than Riva
LC (6.2 MPa) (p=0.0042). There was no difference
among the three RMGIs and Z250 when Optibond
Solo Plus was used (p=0.2083).

DISCUSSION

The null hypothesis that surface treatments would
not have an effect on the shear bond strength of
three RMGIs to dentin was rejected. Using visual
examination of the fractured specimens, we observed
predominately adhesive failures for all groups except
those that were bonded with Optibond Solo Plus. In
these groups, including the positive control, two to
three specimens from each group exhibited a mixed
failure in which the dentin and RMGI fractured (see
Figure 4). This would suggest these bonding config-
urations surpassed the inherent strength of the
RMGI and dentin, or dentin and the RMGI may have
been weakened by the presence of structural flaws.
Therefore, the true maximum bond strength could
not be measured when dentin or RMGI fractured
during testing.

The overall question of which combination is best
may be answered by comparing all of the experi-
mental groups excluding the negative control (see
Table 3). The Tukey multiple comparison procedure
indicated that all three RMGIs when used with a
total etch technique and Optibond Solo Plus were
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statistically equal to the positive control or the resin-
dentin bond strength. Additionally, Fuji II LC used
with Ketac Primer or Self Conditioner was equal to
the positive control (p>0.05).

The shear bond strength of the Fuji II LC with the
smear layer intact (3.5 MPa) is nearly the same as
that in a study by Hajizadeh and colleagues,'* who
reported shear bond strength of 3.1 MPa. There are
several explanations why RMGIs are able to bond to
the smear layer. First, RMGIs contain polyacrylic
acid (polyalkenoic acid chains), which acts as a mild
self-conditioner.'® Second, the smear layer contains
calcium ions that may provide bonding sites for
chemical bonding with the polyalkenoic acid chains
in the RMGI. Furthermore, the inherent dentin
irregularities produce during specimen preparation
provided micromechanical retention.

The purpose of Cavity Conditioner (polyacrylic
acid) is to remove the smear layer without complete-
ly unplugging the dentin tubules. The exposed
calcium ions within hydroxyapatite are available
for chemical bonding with the carboxyl groups of the
polyalkenoic acid. Any collagen that becomes ex-
posed may provide additional micromechanical re-
tention. The addition of aluminum chloride in Cavity
Conditioner is thought to stabilize the collagen
matrix during demineralization, allowing better
penetration of the RMGI.'® This study did not
demonstrate any benefit of using Cavity Condition-
er, which, ironically, two manufacturers recommend
as the conditioning agent. This finding is supported
by several other studies.'®2!

Increased bond strengths with EDTA for Fuji II
LC and Ketac Nano may be the result of enhanced
micromechanical retention due to improved removal
of the smear layer and dentinal plugs. Additionally,
EDTA does not alter the fibrillar structure of
collagen, allowing the mineral content of collagen
to bond with the ionic component of RMGIs.??
Fagundes and others®® demonstrated increased
microtensile bond strength of Fuji II LC and
Vitremer (3M ESPE) following pretreatment with
EDTA compared with polyacrylic acid. Additionally,
Nakanuma and others** using Fuji II LC demon-
strated greater tensile bond strength when EDTA
was combined with experimental dentin primers and
a bonding agent than when used with polyacrylic
acid.

The purpose of primers such as Ketac Primer and
Self Conditioner is to improve the wettability of
dentin, allowing improved monomer penetration into
the hydrophilic dentin substrate. Primers contain
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unsaturated carbon-carbon bonds that may lead to
direct covalent bonding with resin constituents of
RMGIs when polymerized. If the pH of the primer is
low enough, it may also partially remove the smear
layer, allowing the RMGI matrix to penetrate into the
superficial layer of dentin, creating a cement-matrix-
dentin interdiffusion zone.?” Ketac Primer and Self
Conditioner have a pH of 3.0 and 1.8, respectively.
Self Conditioner, with a lower pH, may have more
completely removed the smear layer than Ketac
Primer, resulting in higher bond strengths for Ketac
Nano and Riva LC. However, we did not observe the
same effect with Fuji IT LC because Ketac Primer (9.4
MPa) and Self Conditioner (9.4 MPa) produced the
same bond strengths, suggesting that the RMGIs
react differently with specific conditioners and prim-
ers. Other investigators support the fact that primers
compared with polyacrylic acid increased bond
strength of RMGI to dentin.'®2%2%7

Riva LC performed best only when used with
Optibond Solo Plus after total etching. This suggests
that Riva LC behaves more like a resin than a CGI.
In this study all three RMGIs obtained their highest
bond strengths when Optibond Solo Plus was applied
after etching dentin with phosphoric acid. Obtaining
improved bond strengths with bonding agents
compared with other conditioning agents is support-
ed by other investigations.?"*®2?° Micromechanical
bonding through the hybrid layer for RMGIs has
been demonstrated with different conditioners pro-
ducing different degrees of demineralization and
hybrid layer thickness.'® Dentin bonding agents are
able to form a chemical union with RMGIs due to the
presence of HEMA and other resins in RMGIs. Why
manufacturers continue to recommend the use of
polyacrylic acid as a conditioner for RMGIs despite
the knowledge that they contain resin is not fully
understood. Development of dentin conditioners for
CGIs occurred in the late 1970s, a decade before acid
etching dentin was an accepted procedure. Many of
the conditioning agents evaluated removed the
smear layer, opened dentin tubules, and were
considered detrimental.’” The calcium-rich hydroxy-
apatite was thought to be unavailable for bonding
with the polyalkenoic acid chains in conventional
glass ionomers. The tradition of using polyacrylic
acid was simply carried over for use with RMGIs.

Results of this study suggest the hybrid layer may
be the major source of bond strength, whereas
chemical bonding may play an important role in
providing marginal integrity, bond durability, and
extending the longevity of the restoration.?’3! In
addition to increased bond strength, an advantage of
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using a dentin bonding agent is that the sandwich
technique in which a resin is veneered over a RMGI
is simplified by using a single conditioning step that
works both for composites and RMGIs.

Clinicians may be reluctant to use dentin bonding
agents with RMGIs because there may be a decrease
in the amount of fluoride released. It has been
demonstrated that a dentin bonding agent signifi-
cantly reduced, but did not prevent, fluoride pas-
sage.?233 However, the minimal quantity of fluoride
necessary to clinically inhibit the caries process has
never been established. Using silver nitrate ions and
scanning electron microscopy, Sano and others®*
demonstrated leakage within the hybrid layer. Given
that silver nitrate ions used in their study have
similar dimensions as fluoride ions, one may postu-
late that fluoride ions may also penetrate through
the hybrid layer and into adjacent dentin to provide
cariostatic properties.*

Setting reaction of RMGIs relies on two different
mechanisms that depend and compete with each
other.?® Khoroushi and others®® demonstrated that
delaying light polymerization of Fuji II LC for two
minutes, thus allowing the acid-base chemical
reaction to proceed first, resulted in significantly
decreased shear bond strength. Therefore, for max-
imum bond strength it is important to photo-cure
RMGIs soon after placement. Any remaining RMGI
not photo-cured may continue to undergo the acid-
base setting reaction but at a reduced rate.

It is impossible to uniformly compare results
across different studies. Slight differences in
methodologies produce varying results. Some stud-
ies bond a column of RMGI; others bond the RMGI,
then apply a column of composite resin on top of it.
Resin-modified glass ionomers have been tested as
dentin bonding agents, luting agents, liners/bases
or restorative materials. It is unacceptable to
uniformly compare results for all types of RMGI
materials. Additionally, some studies have used
human teeth and others bovine incisors. Research
using microtensile and microshear bond methodol-
ogies have produced much greater bond strengths
than what was reported in this study.?”*® When
the bonding surface can be kept small (1 mm? for
microtensile and microshear methodologies), there
is a more homogeneous stress distribution. The
bonding surface area in this study was 19 mm?.
When larger surface areas are used the bonding
material will contain larger flaws and voids
resulting in higher stress concentrations in these
areas that lead to lower bond strengths. Addition-
ally, a 1-mm flat-edge chisel used in this study

Operative Dentistry

causes greater stress concentration at the area of
load application.?® However, having the RMGI
surrounded by a copper band may have allowed
the load to be applied more evenly due to copper
having a higher modulus than RMGIL.***! We
believe this to be similar to using a wire loop or
notched bar for load application.?**? Promising
laboratory results do not necessarily guarantee
clinical success. Rather, in vitro studies serve as a
good screening tool and guide for selection of dental
materials and procedures that may be tested
clinically.

CONCLUSIONS

1. The use of Cavity Conditioner did not significant-
ly improve the bond strength of the three RMGIs
compared with leaving the smear layer intact.

2. The effect of conditioning agent was dependent
upon the RMGI.

3. All three RMGIs bonded with Optibond Solo Plus
after acid etching produced shear bond strengths
that were not statistically different than the
composite-dentin bond.

Conflict of Interest

The authors of this article certify that they have no
proprietary, financial, or other personal interest of any nature
or kind in any product, service, and/or company that is
presented in this article.

(Accepted 21 August 2012)

REFERENCES

1. Van Meerbeek B, Van Landuyt K, DeMunck J, Inoue S,
Yoshida Y, Perdigao J, Lambrechts P, & Peumans M
(2006) Bonding to enamel and dentin In: Summitt JB,
Robbins JW, Hilton TdJ, Schwartz RS (eds) Fundamentals
of Operative Dentistry Quintessence, Chicago, IL 183-260.

2. Mount GJ (2002) Description of glass-ionomers In: An
Atlas of Glass-ionomer Cements: A Clinician’s Guide
Martin Duntz Ltd, London 1-42.

3. Burgess JO, Norling B, & Summitt JB (1994) Resin
ionomer restorative materials: The new generation
Journal of Esthetic Dentistry 6(5) 207-215.

4. Sidhu SK, & Watson TF (1995) Resin-modified glass
ionomer materials. A status report for the American
Journal of Dentistry American Journal of Dentistry 8(1)
59-67.

5. Momoi Y, & McCabe JF (1993) Fluoride release from
light-activated glass ionomer restorative cements Dental
Materials 9(3) 151-154.

6. Coutinho E, Yoshida Y, Inoue S, Fukuda R, Snauwaert J,
Nakayama Y, De Munck J, Lambrechts P, Suzuki K, &
Van Meerbeek B (2007) Gel phase formation at resin-
modified glass-ionomer/tooth interfaces Journal of Dental
Research 86(7) 656-661.

$S900E 93l} BIA £0-60-G20Z e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnid)/:sdiy wouy papeojumoq



Imbery & Others: Bond Strength of RMGls

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Erickson RL, & Glasspoole EA (1994) Bonding to tooth

structure: A comparison of glass-ionomer and composite-
resin systems Journal of Esthetic Dentistry 6(5) 227-244.

. Ngo H, Mount GJ, & Peters MC (1997) A study of glass-

ionomer cement and its interface with enamel and dentin
using a low-temperature, high-resolution scanning elec-
tron microscopic technique Quintessence International
28(1) 63-69.

. Ferrari M, & Davidson CL (1997) Interdiffusion of a

traditional glass ionomer cement into conditioned dentin
American Journal of Dentistry 10(6) 295-297.

Tay FR, Smales RJ, Ngo H, Wei SH, & Pashley DH (2001)
Effect of different conditioning protocols on adhesion of a
GIC to dentin Journal of Adhesive Dentistry 3(2) 153-167.

Prati C, PG Montanari, G Biagini, F Fava, & DH Pashley
(1992) Effects of dentin surface treatments on the shear
bond strength of Vitrabond Dental Materials 8(1) 21-26.

Prati C, Nucci C, & Montanari G (1989) Effects of acid
and cleansing agents on shear bond strength and
marginal microleakage of glass-ionomer cements Dental
Materials 5(4) 260-265.

Yamamoto K, Kojima H, Tsutsumi T, & Oguchi H (2003)
Effects of tooth-conditioning agents on bond strength of a
resin-modified glass-ionomer sealant to enamel Journal
of Dentistry 31(1) 13-18.

Hajizadeh H, Ghavamnasiri M, Namazikhah MS, Maji-
dinia S, & Bagheri M (2009) Effect of different condition-
ing protocols on the adhesion of a glass ionomer cement to
dentin Journal of Contemporary Dental Practice 10(4)
9-16.

Powis DR, Folleras T, Merson SA, & Wilson AD (1982)
Improved adhesion of glass-ionomer cement to dentin and
enamel Journal of Dental Research 6(12) 1416-1422.

Inoue S, Abe Y, Yoshida Y, De Munck J, Sano H, Suzuki
K Lambrechts P, & Van Meerbeek B (2004) Effect of
conditioner on bond strength of glass ionomer adhesive to
dentin/enamel with and without smear layer interposi-
tion Operative Dentistry 29(6) 685-692.

Hewlett ER, Caputo AA, & Wrobel DC (1991) Glass
ionomer bond strength and treatment of dentin with
polyacrylic acid Journal of Prosthetic Dentistry 66(6)
767-772.

Hinoura K, Miyazaki M, & Onose H (1991) Dentin bond
strength of light-cured glass ionomer cements Journal of
Dental Research 70(12) 1542-1544.

Tanumiharja M, Burrow MF, & Tyas MJ (2000) Micro-
tensile bond strengths of glass ionomer (polyalkenoate)
cements to dentine using four conditioners Journal of
Dentistry 28(5) 361-366.

Terata R, Nakashima K, Yoshinaka S, & Kubota M (1998)
Effect of dentin treatment with citric acid/ferric chloride
solutions on glass ionomer bond strength American
Journal of Dentistry 11(1) 33-35.

Imbery, TA, Swigert, R, Janus C, & Moon P (2009) An
evaluation of dentin conditioners for resin-modified glass
ionomer cements General Dentistry 57(4) 356-362.

Carvalho RM, Tay F, Sano H, Yoshiyama M, & Pashley
DH (2000) Long-term mechanical properties of EDTA-

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

437

demineralized dentin matrix Journal of Adhesive Den-
tistry 2(3) 193-199.

Fagundes TC, Toledano M, Navarro MF, & Osorio R
(2009) Resistance to degradation of resin-modified glass-
ionomer cements dentine bonds Journal of Dentistry
37(5) 342-3417.

Nakanuma K, Hayakawa T, Tomita T, & Yamazaki M
(1998) Effect of the application of dentin primers and a
dentin bonding agent on the adhesion between the resin-
modified glass-ionomer cement and dentin Dental Mate-
rials 14(4) 281-286.

Miyazaki M, Iwasaki K, Onose H, Moore BK. (1999)
Resin-modified glass-ionomers: Effect of dentin primer
application on the development of bond strength Europe-
an Journal of Oral Sciences 107(5) 393-399.

Dursun E, & Attal JP (2011) Combination of a self-
etching adhesive and a resin-modified glass ionomer:
Effect of water and saliva contamination on bond strength
to dentin Journal of Adhesive Dentistry 13(5) 439-443.

Coutinho E, Van Landuyt K, De Munck J, Poitevin A,
Yoshida Y, Inoue S, Peumans M, Suzuki K, Lambrechts
P, & Van Meerbeek B (2006) Development of a self-etch
adhesive for resin-modified glass ionomers Journal of
Dental Research 85(4) 349-353.

Besnault C, Attal JP, Ruse D, & Degrange M (2004) Self-
etching adhesives improve the shear bond strength of a
resin-modified glass-ionomer cement to dentin Journal of
Adhesive Dentistry 6(1) 55-59.

El-Askary F, & Nassif M (2011) Bonding nano-filled
resin-modified glass ionomer to dentin using different
self-etch adhesives Operative Dentistry 36(4) 413-421.

Mitra SB. Lee CY, Bui HT, Tantbirojn D, & Rusin RP
(2009) Long-term adhesion and mechanism of bonding of
a paste-liquid resin-modified glass-ionomer Dental Mate-
rials 25(4) 450-466.

Peumans M, Kanumilli P, De Munck J, Van Landuyt K,
Lambrechts P, & Van Meerbeek B. (2005) Clinical
effectiveness of contemporary adhesives: A systemic
review of current clinical trials Dental Materials 21(9)
864-881.

Miranda LA, Weidlich P, Samuel SMW, & Maltz M (2002)
Fluoride release from restorative materials coated with
and adhesive Brazilian Dental Journal 13(1) 39-43.

Mazzaoui SA, Burrow MF, & Tyas MdJ (2000) Fluorided
release from glass ionomer cements and resin composites
coated with a dentin adhesive Dental Materials 16(3)
166-171.

Sano H, Takatsu T, Ciucchi B, Horner JA, Matthews WG,
& Pashley DH (1995) Nanoleakage: Leakage within the
hybrid layer Operative Dentistry 20(1) 18-25.

Berzins DW, Abey S, Costache MC, Wilkie CA, & Roberts
HW (2010) Resin-modified glass-ionomer setting reaction
competition Journal of Dental Research 89(1) 82-86.

Khoroushi M, Karvandi TM, & Sadeghi R (2012) Effect of
prewarming and/or delayed light activation on resin-
modified glass ionomer bond strength to tooth structures
Operative Dentistry 37(1) 54-62.

$S900E 93l} BIA £0-60-G20Z e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnid)/:sdiy wouy papeojumoq



438

37. Sano H, Shono T, Sonoda H, Takatsu T, Ciucchi B,
Carvalho R, & Pashley DH (1994) Relationship between
surface area for adhesion and tensile bond strength—
Evaluation of a micro-tensile bond test Dental Materials
10(4) 236-240.

38. Pashley DH, Sano H, Ciucchi B, Yoshiyama M, &
Carvalho RM (1995) Adhesion testing of dentin bonding
agents: A review Dental Materials 11(2) 117-125.

39. Braga RR, Meira JBC, Boaro LC, & Xavier TA (2010)
Adhesion to tooth structure: A critical review of “macro”
test methods Dental Materials 26(2) e38-e49.

40.

41.

42.

Operative Dentistry

Davis JR. (2001) Copper and copper alloys ASM Interna-
tional Materials Park, OH 452.

Wang XY, Yap Adrian UJ, Ngo HC, & Chung SM (2007)
Environmental degradation of glass-ionomer cements: A
depth-sensing micro indentation study Journal of Bio-
medical Materials Research Part B: Applied Biomaterials
82(1) 1-6.

Phrukkanon S, Burrow MF, & Tyas MdJ (1998) The
influence of cross-sectional shape and surface area on the
microtensile bond test Dental Materials 14(3) 212-221.

$S900E 93l} BIA £0-60-G20Z e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnid)/:sdiy wouy papeojumoq




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


